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[57) ABSTRACT

An iron-base alloy having high erosion resistance to
molten zinc attack which essentially consists of (by

‘weight):
~ 0.01 to 2% of carbon;

0.01 to 2% of silicon;
0.01 to 2% of manganese;

~ totally 1 to 6% of at least one element selected from the

‘group consisting of niobium and tantalum;

totally 1 to 10% of at least one element selected from

the group consisting of molybdenum and tungsten;
10 to 30% of nickel;

10 to 30% of cobalt;
- 10 to 25% of chromium; and
* a balance which 1s iron and inevitable impurities.

4 Claim’s, 1 Drawing Figure
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' IRON-BASE ALLOY HAVING HIGH RESISTANCE
'~ TO MOLTEN ZINC ATTACK

" TECHNICAL FIELD

- This invention relates to an iron-base alloy having
high resistance to molten zinc attack, and more particu-
larly, to such an iron-base alloy that can be cast, worked
or build-up welded as a structural member to be directly

‘exposed to molten zinc, for example, a structural mem-
- ber of a continuous molten zinc plating apparatus.

- The invention further relates to a structural member
- of a continuous molten zinc plating apparatus produced

from such an iron-base alloy. |

BACKGROUND ART

10

15

As sehematlcally represented in FIG 1, a continuous

~ molten zinc plating apparatus comprises a plating bath
(pot) 1, support roll 2, sink roll (pot roll) 3, sleeve 4,
hanger (arm) S and a snout €. In the apparatus shown in
FIG. 1, a steel plate 7 supplied to the bath through the
snout 6 is directed as shown by the arrow to the sink roll
3 supported by the hanger 5, and after being plated with
a given amount of zinc, it is recovered from the bath 1
through the support roll 2. In the figure, the rolls rotate
in the direction indicated by the arrow. | -
- Conventionally, the structural members of the con-

tinuous molten zinc plating apparatus are produced by

casting or plastic working of low-carbon steel or stain-
less steel (e.g. JIS SUS No. 304,309) or cast stainless
steel (e.g. JIS HH). For example, cast stainless -steel
- from which the support roll, sink roll, sleeve and bear-

- ing metal are produced is exposed to mechanical wear
- of fluid zinc and its resistance to molten zinc attack
- (hereunder referred to as erosion reslstance) is so low
.~ that it must be replaced every one or two weeks. There-

~ fore, researchers are making experiments on the build-
up welding of Stellite alloy or plasma-spray coating of
~ ‘tungsten carbide (WC) on the surface of stainless steel.
* Low-carbon steel of which the platlng bath or snout
is made has poor erosion resistance in molten zinc even
when its degree of fluidity is relatively low. Therefore,
the wall of the plating bath or'snout is made of a thick
| plate or lined with a thin sheet of Hayne’s alloy (e.g.
HA-No. 25) generally considered to have relatwely
‘high erosion resistance in stationary zinc.
However, even the lined structural member does not
present satisfactory erosion resistance when molten zinc
- 1s in a fluid state (e.g. the inside of the snout, or where
the member is contacted by the t0pmost level of bath or
in the vicinity thereof). | |
A support roll having good erosion resistance can be
made of a structural member build-up welded with

Stellite alloy since Stellite alloy has good mechnical

wear resistance and exhibits relatively good erosion
resistance in fluid zinc. On the other hand, Stellite alloy

is 5o hard that the support roll may cause a steel plate

‘being galvanized to develcnp a flaw and the support roll
‘may develop a crack on the surface when it is being
- reground. Therefore, the structural member made by
- build-up welding with Stellite alloy cannot have a long

 28%, W: 5%, Ni: 1.5%, and others: 4.5% (by weight),
‘Stellite alloys have a high content of expensive Co and
~ this presents a hlgh cost problem | |
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2
DISCLOSURE OF INVENTION

Therefore, one object of this invention is to provide
an iron-base alloy which is cheap, has good erosion
resistance against fluid molten zinc, adequately with--
stands mechanical wear, has a hardness not great
enough to damage a steel plate, and which can be used
as a casting material, working material or a build-up
welding material.

Another object is to provide a structural member
made of such iron-base alloy which can be continuously
used for a long period of time as the constituent material
of a continuous molten zinc plating apparatus.

A further object of this mmvention is to provide a
method of using such iron-base alloy to prevent the
erosion of fluid molten zinc.

To achieve these objects, we have made various stud-
ies and experiments and have accomplished this inven-
tion.

According to our ﬁndlng, Nb (and/or Ta), Mo (and-
/or W), Co and C are elements that reduce the erosion

to molten zinc, whereas Ni, Cr, Al and Ti are elements

that increase erosion. Therefore, an alloy having good

-erosion resistance must be free of Al and Ti, contain a

minimum of Cr and N, and have an increased amount
of Co and a maximum of Mo and Nb as an alloying
element. Iron (Fe), when it forms an alloy with Co, Nb,
Mo, etc., is essentially neutral in its effect on the erosion
resistance, so it is considered economically desirable to

use a suitable amount of Fe for providing a balance

among the alloying elements.

Thus, this invention provides an iron-base alloy hav-
ing high erosion resistance to molten zinc attack which
essentially consists of (by weight): 0.01 to 2% of carbon,
0.01 to 2% of silicon, 0.01 to 2% of manganese, totally
1 to 6% of at least one element selected from the group
consisting of niobium and tantalum, totally 1 to 10%,
preferably 5.5 to 10%, of at least one element selected
from the group consisting of molybdenum and tungsten,

40 10 to 30% of nickel, 10 to 30% of cobalt, 10 to 25% of

45

chromium, with the balance being iron and inevitable
impurities.

More preferably, such an iron-base alloy essentially
contains 5.5 to 10% of molybdenum.

The iron-base alloy according to this invention may

- further contain at least one element selected from the

50
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- useful life. Besides, as is typically found with Stellite
- ‘No. 6 whose standard composition is Co: 61%, Cr:

65

group consisting of 0.001 to 2% of zirconium and 0.001
to 2% of boron. The preferred ranges of nickel, cobalt
and chromium are as follows: 10 to 15% of nickel, 15 to
309% of cobalt, and 10 to 18% of chromium.

Thus, this invention is characterized by exclusion of
Ti and Al which have the effect of reducing the erosion
resistance of an alloy, and the iron-base alloy thus pro-
duced has good erosion resistance to molten zinc attack.
Therefore, this invention also provides a structural
member for use as the constituent material of a continu-
ous molten zinc plating apparatus, said member being
composed of an iron-base alloy which essentially con-

sists of (by weight): 0.01 to 2% of carbon, 0.01 to 2% of

silicon, 0.01-to 2% of manganese, totally 1 to 6% of at
least one element selected from the group consisting of

‘niobium and tantalum, totally 1 to 10%, preferably 5.5

to 10%, of at least one element selected trom the group
consisting of molybdenum and tungsten, 10 to 30% of
nickel, 10 to 30% of cobalt, 10 to 25% of chromium,
with the balance being iron and inevitable impurities.

We now describe the reasons for limiting the constit-
uent elements to the defined ranges.



3
Carbon (C): o -
If the carbon content is less than 0. 01%, the de51red
- fluidity cannot be assured during casting and build-up
welding. Besides, an alloy having the desired strength
cannot be obtained. If the carbon content is more than
2%, the hardness of the alloy increases significantly and

'f 4,363,660

such effect is not obtained, and if the content is more

~ than 25%, considerable reduction in €rosion resistance

>

- the resulting significant embrittlement causes the alloy

to develop many cracks. Therefore, the carbon content

1s defined to be within the range of from 0. 01 to 2%.
Silicon and manganese (Si and Mn): |
Silicon and manganese have deoxidizing and desul-

| furxzmg activities. Silicon also has the effect of improv-

-results. Therefore, the chromium content is defined to

be within the. range of from 10 to 25%, preferably from
10 to 18%. | - -
Zirconium and boron (Zr and B):
Zirconium and boron have the effect of i Improving

~ the erosion resistance of grain boundary in the presence

10

‘ing fluidity, and manganese has the effect of providing

a tough alloy. If the Si and Mn contents, respectively,
are less than 0.01%, their effects are not achieved. If the

15

S1 and Mn contents, respectively, are more than 2%,

- ‘excess silicon provides a too brittle alloy, and excess

manganese has no correspondmg improvement effect.
~ Therefore, the silicon and manganese contents, respec-
tively, are defined to be w1th1n the range of from 0.01 to
. 2%
- Niobium and tantalum (Nb and Ta):

Nobium and tantalum have the effect of i 1mprov1ng
erosion resistance appreciably, but if their total content
1s less than 1%, such effect is not obtained, and if their

20

25

total content is more than 6%, the resulting alloy has |

- reduced castability and plastic workability. Therefore,

the sum of the niobium and tantalum contents is defined

- to be within the range of from 1 to 6%. The alloy of this

- invention contains at least either niobium or tantalum.
Molybdenum and tungsten (Mo and W): o

30

Molybdenum and tungsten have the effect of further :

improving erosion resistance in the presence of niobium

or tantalum. If the total content of Mo and W is less

- than 1%, the intended effect is not obtained, and if the

~total content is more than 10%, corresponding im-
provement is not obtained and only unnecessarily high
cost results. Therefore, the total content of molybde-
num and tungsten is defined to be within the range of
from 1 to 10%, preferably from 5.5 to 10%. More pref-

35

of niobium, tantalum, molybdenum and tungsten. It also
has the effect of providing tough grain boundaries that

prevent cracking from occurring during plastic work-

ing. If the content of zirconium or boron is less than
0.001%, these effects are not obtained, and if each con-
tent is more than 2%, the resulting alloy is very brittle.
Therefore, the content of each of zirconium and boron

18 defined to be within the range of from 0.001 to 2%.

According to thls invention, Al and Ti are pomtwe]y

_exoluded

The mewtable”lmpurltles meluded in the alloy of this
invention are phosphor (P), sulfur (S), ‘vanadium (V),

- oxygen (O), etc., and their content, respectively, is lim-

ited generally to 0.05% or less, usually to 0.01% or less. -
BRIEF DESCRIPTION OF DRAWINGS

| The aecompanymg drawmg is a schematic represen-—
tation of the constructlon of a continuous molten zinc
platlng apparatus |

EXAMPLES

The alloy of this 1nventlon (hereunder the invention

'alloy) is not described by reference to the following
examples wherein the invention alloy 1S compared w1th

control alloys and prior art alloys.
- Samples of molten metal having the final composr-

~tions indicated in Table 1 were prepared in a high-fre-
‘- quency furnace by the conventional atmoSpherlc melt-
- ing process, and the samples obtained were cast into

40

‘erably, the alloy of this invention essentlally contains =
5.5 to 10% of Mo and improved erosion resistance is -

achieved by such high molybdenum content
‘Nickel (Ni):

Nickel has the effect of improving the plastic work-

ability of an alloy by austenitizing its structure. If the
content of nickel is less than 10%, no improvement in
plastic workability is achieved, and if the content is

45

more than 30%, considerable reduction in erosion resis- -

tance results. Therefore, the nickel content is defined to

50

be within the range of from 10 to 30%, more preferably_ |

from 10 to 15%.

Cobalt (Co):

Cobalt has the effect of further i improving the hlgh
erosion resistance achieved by niobium, molybdenum

and tungsten. Cobalt also has the effect of improving

55

the plastic workability of an alloy by working with

nickel to austenitize its structure. If the cobalt content is

less than 10%, these effects are not ensured, and if the

- cobalt content is more than 30%, no further improve-
ment is achieved and only unnecessari]y high cost re-
- sults. Therefore, the cobalt content is defined to be

within the range of from 10 to 30%, preferably from 15
to 30%. | |

Chromium (Cr):

Chromium has the effect of not only strengthemng
the alloy matrix but providing 1mproved resistance to
oxidation. If the chromium content is less than 10%,

sand molds to form invention alloys 1 to 20, control
alloys 1 to § and prior art alloys 1 and 2 each measuring

100 mm long, 80 mm wide and 15 mm thick, as well as
invention alloys 21 and 22 and prior art alloys 3 and 4 .

each measuring 75 mm across and 150 mm high. The

invention alloys 21 and 22 and prior art alloys 3 and 4
were hot forged at 1100° C. to prov1de a diameter of 15
mm.

The all control alloys 1 to 5 had compomtlons outside
the scope of this invention. Prior art alloys 1, 2, 3 and 4

-had compositions that were equivalent to those of cast

stainless steel HH, Stellite No. 6, low- earbon steel and
Haynes’ alloy No. 25.

~ Test pieces for erosion resistance test each measuring
12 mm across and 35 mm long were chipped from the

invention alloys 1 to 22, control alloys 1 to 5 and prior

art alloys 1 to 4. The pieces were immersed in molten

‘zinc at 470° C. and 520° C. while they were rotated on
~a circle (radius 35 mm) at 230 r.p.m. After a 25-hrs

retainment, the pieces were recovered and the average
depth of erosion of each sample was measured. The
measurements are also indicated in Table 1 and they

- assume retainment time of one year. In practleal opera-

- tion, the structural members of a molten zinc plating

apparatus or the like are often exposed to direct contact

- with molten zinc in a fluid state, and some alloys have

- 65

very low resistance to erosion of fluid molten zinc no
matter how high their erosion resistance is in an immer-
sion test with stationary molten zinc. It is therefore very
important to evaluate the erosion resistance of alloys in
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| 5
an immersion test W1th ﬂuld melten zmc as we chd in the
examples. - | | -
. Table 1 also contains the measurements of. the hlgh—
| temperature hardness (Hv 50 g) of the respectwe alloys

6 |
As described 1n the foregoing, the alloy of this inven-
tion has.very high erosion resistance, so it can be cast,

worked into or build-up welded onto a structural mem-

ber for the platlng bath, sleeve and snout of a continu-

4 005 06 — — ~— .— 15 10 bal

*Yearly av. depth of erosion in ﬁuid molten Zn.

The _all'oy' of Whieh a structural member of the type

contemplated by this invention (i.e. which is directly

| eXposed to molten zinc) is to be made desirably has an

at 500° C. 5 ous molten zinc plating apparatus. The alloy also has a
" TABLE 1
| av. depth of ero- Hardness
Alloy - Cempesrtlen (wt %) | sion {mm/year) 500° C. use of
No.. C Si Mn Nb Ta Me W Ni Co Cr Zr B Fe 470°C. 520°C. Hv(50g) alloy
- invention | | |
_alloy SR o | |
1 1 08 08 105 — 6 — 13 23 15 — — bal 18.8 28.2 161 casting alloy
2 1 08 08 3 -~ 7 — 13 23 15 - — " 169 2495 170
-3 1 o008 08 55 — 7 — 13 23 15 — — " 173 242 177
4 1 08 08 — 3 7 .— 13 23 15 — — " 16.8 25.2 175
5 1 08 08 2 15 7 — 13 23 15 - — " 165 24.3 179
6 1 08 08 3 —  — 8 13 23 15 — — " 171 25.9 192
T 1 08 08 3 - — = -5 13 23 15 — — " 176  23.1 180
8 1 08 08 3 — 6 .25 13 23 15 — —_ " 16.2 24.0 174
9 1 08 08 — 3 4 25 13 23 15 — — " 170 264 185
10 1 08 08 3 — 15 — 13 .23 15 — — " 184 304 151
11 1. 08 08 3 — 7. — 27 23 15 — — " 187 292 167
12 1 08 08 3 — 7 — 13 13 15 — — " 193 286 164
13 1 o8 08 3 — 7 — 13 23 19 — — " 188 320 173
14 1 08 08 3. — 7T ~— 13 23 15 0.7 — " 15.1 22.7 171
s 1. 08 08 3 — 7 ~— 13 23 15 006 — " 16.5 23.9 168
6 1 08 08 3 — 7T =" 13 23 15 —= 0005 “ 163 245 168
17 1 08 08 — -3 — 7 13 23 15 — 004 " 157 243 169
18 1 08 08 3 — 45 2 13 23 15 04 0003 " 154 240 172
19 18 08 08 3 — 7 — 13 23 15 — — " 180 270 231
20 ~05 O08 08 3 — 7 — 13 23 15 — — " 173 251 152
.21 7 01 08 08 3 . — 7 — 13 23 15 015 003 " 172 27.5 142 forging alloy
22 00208 08 3 — 7 — 13 23 15 012 002 " 176 299 133
" control '- - . ” - - |
alloy —— . -
1 1 .08 08 02 — 7 — 13 23 15 — — " 397 619 146 casting alloy
2 1 08 08 3 — 01 02 .13 23 15 — — " 315 59.4 136
3 1 - 08 08 3 — 7T - — 36 23 15 — — " 287 448 168
4 1 08 08 — "3 — -5 13 7 15  — — " 324 551 140
5 1 .08 08 3 — 4 25 13 23 30 — — " 372 6l 157
prior art e B S | | -
alley | N | | | .
1 04 08..08 — — — — 14 — 23 - — " 942 2869 = 127 casting alloy
2 120 15— " —  — — 5 15 bal 28 — — 2 245 @ — 370 |
3 005 02 04 — = — — — = = = - - bal 109.0 303.0 — forging alloy
20 — — 3 312

1201 —

- suttable hardness, not as hard as Stellite No. 6 and not as

45

- erosion resistance such that the average depth of ero-

sion is less than 20.0 mm/year when it is immersed in

~ fluid molten zinc having a conventional operating tem-
perature (450° to 470° C.). Therefore, the invention
‘alloys 1 to 22 obviously have good erosion resistance
that satisfies such requirement whether they are. used as
casting material or forging material. |

- The control alloys 1 to 5 and prior art alloys 1 to 4

soft as cast stainless steel HH, and therefore, it can be

cast, worked or build-up welded onto a structural mem-
ber of support roll, sink roll and the like which, other-

-~ wise, 1s subjected to mechanical wear due to friction
~ against a steel plate being galvanized. The alloy exhibits

50

-have such erosion resistance that the average depth of 55

erosion is greater than 20.0 mm/year. The followmg
three control alloys have particularly low erosion resis-
tance: control alloy 1 which contains little niobium and
tantalum, control alloy 2 whose niobium and tantalum
levels are within the range defined in this invention but
- which contains little molybdenum and tungsten, and

- control alloy § the niobium, tantalumn and molybde-

excellent performance and permits use over an extended
period of time. In addition, the alloy can be manufac-
tured at low cost because it has a relatively low content
of expensive elements such as cobalt.

- We claim:

1. An iron-base alloy having high erosion resistance
to molten zinc attack which essentially consists of (by

- weight);

60

num levels of which are within the ranges defined in
this invention but which contains more chromium than

- ‘defined in this invention. Prior art alloy 3 (low-carbon
“steel) and prior art alloy 1 (cast stainless steel HH) free
from niobium, tantalum, melybdenum tungsten and

- cobalt also have very low erosion resistance.

65

0.01 to 2% of carbon;
0.01 to 2% of silicon;
0.01 to 2% of manganese;
1.5 to 5.5% niobium-and 0 to 3% tantallum, wherein
‘the total of niobium and tantallum is 1.5 to 6%:
totally 5.5 to 10% of at least oné element selected
from the group consisting of molybdenum and
tungsten, but molybdenum content is at lesast
5.5%:;

10 to 30% of nickel;

10 to 30% of coballt;
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10 to 25% of chromium;and = which contains 10 to 15% of nickel, 15 to 30% of co-
a balance which is 1ron and inevitable impurities. a -- . .

2. An iron-base alloy according to claim 1 which . balt; and 10-18% of chromium. -
further contains at leats one element selected from the 4. An iron-base alloy according to claim 1 which
group consisting of 0.001 to 2% zirconium and 0.001 to 5
2% of boron. | | |

contains O to .1.'5% tantallum.
3. An iron-base alloy according to claim 1 or claim2 ok ke
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